The purpose of this study was to describe the incidence, severity, mechanism, and intrinsic risk factors for knee injuries in Japanese collegiate rugby union players. Initially, 119 rugby union players from one university club were registered in this prospective cohort study. The occurrence of knee injuries was recorded by a team doctor and athletic trainers during the 2009-2012 playing seasons. The number of knee injuries recorded during these four seasons was 64. The incidence of knee injuries was significantly higher during matches (10.5 injuries/1000 player hours [ph]) than that during training (0.3 injuries/1000 ph). The most common match injury was the medial collateral ligament injury (4.4 injuries/1000 ph). The greatest severity and burden were observed for anterior cruciate ligament injuries (severity: 182.5 days, burden: 310.3 days/1000 ph). A majority of knee injuries were sustained during ruck/maul (26.6%) and step/cutting (20.3%). In addition, a history of injury (odds ratio [OR]: 3.3, 95% confidence interval [CI]: 1.3-8.4, p = 0.01) and rugby experience (<10 years, OR: 2.4, 95% CI: 1.1-5.7, p = 0.03) were considered as intrinsic risk factors for knee injuries. Although the total incidence of knee injuries in collegiate rugby union players was similar to that at a professional level, knee ligament injuries had a higher incidence and severity among college players. Injuries frequently occurred in ruck/maul for forward (FW) players and in step/cutting and being tackled position for back (BK) players. In this game, the risk of knee injury is high, and it varies for each field position, so preventive measures according to field position characteristics are necessary.
Introduction
Rugby union is a contact sport with a high incidence of injury. Reportedly, the injury incidence in Rugby World Cup matches was 83.9-97.9 injuries/1000 player hours (ph) [1] [2] [3] . While knee injuries had the highest mean severity of all match injuries, knee ligament injuries were responsible for the greatest time loss 3) ; therefore, prevention of knee injuries in rugby is desirable. Epidemiological studies measuring the extent of injuries are vital to elucidate the steps of knee injury prevention 4) . Dallalana et al. reported epidemiological data on timeloss knee injuries in English professional rugby players on the basis of medical diagnoses 5) . The most common injury type was medial collateral ligament (MCL) injuries, which was responsible for 28.9% of all knee injuries 5) . In the study, anterior cruciate ligament (ACL) injuries accounted for two out of three retirements due to knee injuries and the largest proportion of missed days (29.0%) because of the high average severity of injuries (255 days) 5) . The occurrence of knee injuries is similar to Japanese rugby union players. Takemura et al. reported epidemiological data on injury characteristics in Japanese collegiate rugby players 6) and found that knee ligament injuries and sprains were the most severe injuries with the highest incidence rate and the largest average number of missed days (79.9 days) 6) . In addition, further clarification of the injury mechanism and risk factors for knee injuries may contribute to understanding injury prevention methods. Particularly, the identification of intrinsic risk factors 7) is beneficial for the creation of preventive interventions.
Although several studies [1] [2] [3] 5, 6) have indicated the incidence of knee injuries in rugby union players, many surveys have been limited to the professional level. In general, the incidence rate of knee ligament injury is high in young people, and many cases have required surgical intervention. Therefore, prevention of such injuries before the professional level is also considered necessary. In addition, few studies have elucidated the risk factors for the sport. This study aimed to describe the incidence, severity, mechanism, and intrinsic risk factors concerning knee injuries in Japanese collegiate rugby union players.
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Materials and Methods
Subjects. The prospective cohort study registered 119 rugby union players (age: 19.1 ± 1.2 years, height: 175.9 ± 5.8 cm, weight: 83.1 ± 11.2 kg) from one university club, who usually trained together for the All Japan University Championship. Players who failed to participate in rugby training even once because of rehabilitation, or those who had been enrolled or retired from the team during the season were excluded from this study. The group was comprised of forwards (FW [n = 63]: 15 props, 9 hookers, 13 locks, 22 flankers, 4 #8s) and backs (BK [n = 56]: 11 scrum halfs, 7 standoffs, 14 centers, 18 wings, 6 full backs). This study was approved by the ethics committee of the Graduate School of Comprehensive Human Sciences at the University of Tsukuba (Tsukuba, Japan; approval number: 115), and all players provided written informed consent before participation.
Injury data collection. The occurrence of knee injuries was recorded by a team doctor and athletic trainers during the 2009-2012 playing seasons. Injury data included type, time (match or training), mechanism, and days until return to play (number of days that elapsed from the date of injury to the player's return to full participation in team training and availability for match selection) 8) . The exposure time data were recorded from all matches and training sessions by team athletic trainers.
Definition of injury. This study was designed to consider only time-loss injuries 8) , an injury that prevented a player from fully participating in a following training session or rugby match. All injured players were clinically diagnosed using imaging techniques, including MRI, CT, and X-ray examination. Knee injuries were classified according to the Orchard Sports Injury Classification System (OSICS) 9) . The injury mechanisms were confirmed by an interview and/or video images recorded by a team athletic trainer and were classified as follows: ruck/maul, being tackled, step/cutting, other player/ground collision, and unknown.
Intrinsic risk factors.
During preseason (February-April), teams recorded their age, height, weight, body fat, field position, rugby experience, general joint laxity, and history of knee injury. General joint laxity was evaluated by the general joint laxity test of seven joints (wrist, elbow, shoulder, spine, hip, knee, and ankle). A history of knee injury was assessed by a medical doctor and defined as any previous knee injuries (e.g., ligament or meniscal injuries) occurring in the same location. In the case of time-loss injuries, these injuries were also included in the history of an injury.
Statistical analysis. The injury incidence rate was defined as the number of injuries per 1000 player hours (ph) of exposure time (match and training exposures). The chisquare test was used to assess the difference in the number of injuries. Significant differences in injury incidence values were assumed if the 95% confidence intervals (CI) 10) for the parameters did not overlap. The severity of injury time (match/training) and field position were compared using unpaired t-test. The severity of injury type and event were compared using one-way ANOVA and Bonferroni tests.
The intrinsic risk factors potentially related to knee injuries were analyzed using a logistic regression model with stepwise method (forward selection method; enter: 5%; remove: 10%). The cutoff values for independent variables were determined using a receiver operating characteristic (ROC) curve analysis, in which the cutoff values with the highest area under the curve were adopted. Based on the results, the output of logistic regression analysis, significance of the regression equation, goodness of the regression model, and predictive value of the model were confirmed. The importance of the regression equation was confirmed using the results of the omnibus test of model coefficients. The goodness of the regression model was confirmed using the results of the Hosmer-Lemeshow test. The predictive value of the model was confirmed using classified tables.
Statistical analysis was performed using IBM SPSS version 22.0 statistical software (IBM Japan Inc., Tokyo, Japan), and the significance level was set at p < 0.05.
Results
Knee injuries over four seasons. The incidence, severity, and burden of knee injuries are shown in Table 1 . Overall, 101,248.3 hours (match: 3,620.0; training: 97,628.3) of exposure were recorded over four seasons, during which 64 knee injuries (match: 38, training: 26) occurred. The incidence of knee injuries during four seasons was 0.7 injuries/1000 ph, severity was 57.5 days, and burden was 34.5 days/1000 ph. The incidence of knee injuries was significantly higher during matches (10.5 injuries/1000 ph; 95% CI: 7.2-13.8) than that during training (0.3 injuries/1000 ph; 95% CI: 0.2-0.4). The incidence and severity demonstrated no significance among different field positions.
Injury type. The incidence, severity, and burden of knee injury type are shown in Tables 2 and 3 . The most common injury types were MCL and meniscal injuries (including cartilage and bone contusions; Table 2 ). While the most common match injury was that of the MCL (4.4 injuries/1000 ph), the most common training injury was that of the meniscus (including cartilage and bone contusions; 0.1 injuries/1000 ph). The greatest severity and burden was observed for ACL injuries (Table 3) .
Mechanisms of injury.
The mechanisms of injury for each injury type are shown in Tables 4 and 5 . The ma-jority of knee injuries were sustained during ruck/maul (26.6%) and step/cutting (20.3%). Although the severity of injuries from being tackled (81.3 days) and step/cutting (82.3 days) was high, it was not significant when compared with other events (Table 4) . For FW players, injuries frequently occurred during ruck/maul (48.5%); but for BK players, they occurred during step/cutting (29.0%) and being tackled (22.6%; Table 5 ).
Intrinsic risk factors. ROC curve analysis demonstrated
the following independent variables that were input into the logistic regression models: age (0: ≤20 years, 1: >20 years), height (0: >175 cm, 1: ≤175 cm), weight (0: >80 kg, 1: ≤80 kg), body fat (0: >15%, 1: ≤15%), field position (0: FW, 1: BK), rugby experience (0: >9 years, 1: ≤10 years), general joint laxity (0: >4, 1: ≤4), and history of injury (0: none, 1: past history of injury). A dependent variable was input with or without knee injury.
The results of the logistic regression analysis are shown in Table 6 . A history of injury (OR: 3.3, 95% CI: 1.3-8.4, Table 1 . The incidence, severity and burden of knee injuries All: the incidence of knee injuries was significantly higher during matches compared with training. FW: the incidence of knee injuries was significantly higher during matches compared with training. BK: the incidence of knee injuries was significantly higher during matches compared with training. The incidence and severity showed no significance between FW and BK. Players with a past injury had 3.3 times higher knee injury rate than that of players without any history. In addition, players with rugby experience of >10 years had 2.4 times higher knee injury rate than that of players with experience of <10 years. The regression equation was 1/1 + exp (−[−1.2 + 0.9x1 + 1.2x2]). The results of the omnibus test of model coefficients were significant (p = 0.002), whereas those of the Hosmer-Lemeshow test were not significant (p = 0.69). The predictive value was 70.8%.
Discussion
This study described the incidence, severity, mechanism, and intrinsic risk factors for knee injuries over four seasons in a prospective cohort study that included Japanese collegiate rugby union players. The incidence of knee injuries was significantly higher during matches than during training, which is similar to the results of a previous study 5) . The incidence rates of match (10.5 injuries/1000 ph) and training injuries (0.3 injuries/1000 ph) were similar to those of professional rugby union players 5) . Dallalana et al. presented epidemiological data on time-loss knee injuries in English professional rugby union players 5) and reported the incidence rate of knee injuries during matches and trainings as 11 injuries/1000 ph and 0.16 injuries/1000 ph, respectively 5) . In this study, the incidence of knee injuries in collegiate rugby union players was similar to that reported in professional players.
Several previous studies demonstrated that the incidence of injury increases with an increase in the competition level and age [11] [12] [13] . Bathgate et al. reported that, among Australian rugby players, the incidence of injuries increased after entering the professional system 12) . In addition, after comparing the incidence of injuries among ages, Haseler et al. demonstrated that the incidence of injuries increased with age 13) . It is considered that contact level and the number of contact plays affect this increase in the incidence of injury. However, the incidence of knee injuries in collegiate rugby union players explained in this study was similar to that of professional rugby players discussed in previous studies. Although the overall incidence of injury increases with increasing competition level and age, this tendency may be different if limited to sites. Future studies should survey the incidence of injury in terms of competition level and age.
The most common injury types were MCL and meniscal injuries. While the most common injury in training was that of the meniscus, the most common injury during match was that of MCL. An ACL injury had the greatest severity and burden. The most frequent types of less severe injuries and injuries with high severity were similar to those reported in previous studies 5) . These results were similar to a report on professional rugby players 5, 14) . Furthermore, MCL injuries are the most frequent injuries in professional rugby 5) . According to the study of Dallalana et al. on professional rugby union players 5) , ACL and MCL injury incidences in matches were 0.42 injuries/1000 ph (95% CI: 0.1-0.7) and 3.1 injuries/1000 ph (95% CI: 2.3-3.9), respectively. In this study, ACL and MCL injury incidences were 1.7 injuries/1000 ph (95% CI: 0.3-3.0) and 4.4 injuries/1000 ph (95% CI: 2.3-6.6), respectively. For collegiate rugby union players whose physical level and contact play skills are lower than those of professional rugby players, the risk of ligament injury might be higher than that at the professional level.
In previous reports, ACL injuries were suggested to mostly occur without contact 15) , and in this study, they accounted for 45.5% of injuries in step/cutting maneuvers. Thus, any improvement in cutting behavior and safety covered in a prevention program 16) may contribute to a decrease in the incidence of ACL injuries. The ACL injury rate in this study was 36.4% of ruck/maul injuries. Reportedly, an ACL injury in rugby is not only a simple contact injury, but also a type of damage caused indirectly 17) . In indirect injuries, there is a high possibility of the occurrence of an ACL injury due to balance and dynamic alignment failure. In the future, it will be necessary to confirm detailed injury situations using video analysis of injury crises.
Most injuries in rugby union are caused by contact play 18) . Although FW players have more contact than that of BK players 19) , we found no difference in the incidence of injury between FW and BK players in this study. In FW players, injuries frequently occurred in ruck/maul, whereas in BK players, they frequently occurred in step/ cutting and being tackled. Because FW players have to perform many contact plays around break down, the common play pattern is being tackled over a short distance 20) . Conversely, BK players have high impact in contact plays because the common play pattern is open play at high speed 21) . The external risk factors (e.g., other players collapse and getting caught) may have an influence because FW players have a significant number of contacts (collision and/or ridden during ruck/maul). Since BKs sustain many injuries in step/cutting, the involvement of intrinsic risk factors is high. Based on these factors, different injury prevention measures may be necessary for each field position.
In this study, players with a history of knee injury had 3.3 times higher incidence of injury than that of players without any history. In the case of history, it is believed that sustained muscle weakness and poor alignment increase the incidence of risk. Although it is necessary to consider the involvement of specific intrinsic risk factors for injuries, in this study, a history of knee injury was defined as any previous knee injury (e.g., ligament and/or meniscal injury) occurring at the same location. Hence, we must consider further examination with more detailed injury definitions. In addition, as an important research topic on recurrence prevention, a follow-up survey is required for players with past injuries. In collegiate players, knee joint injury is a risk factor for subsequent injuries. In particular, considering the high incidence rate in this study, the collegiate level is especially deemed the age where the importance of measures for knee injury prevention must be considered.
There are several limitations of this study. First, it investigated a single rugby union team, and injury characteristics may differ according to the competition level. Second, only a few intrinsic risk factors were studied; other intrinsic risk factors that were not addressed in this study may also need consideration in future research. Other potential variables (e.g., muscle strength, muscle flexibility, alignment, and balance ability) may warrant further study to gain an overall picture of the factors related to knee injuries in collegiate rugby players. In addition, the injury mechanisms were not clear from the interview process we undertook in this study.
This study described the incidence, severity, mechanism, and intrinsic risk factors for knee injuries in Japanese collegiate rugby union players. In conclusion, the incidence of knee injuries in these players was similar to that at the professional level. Knee ligament injuries with high incidence and severity were higher than those of professionals. Although injuries were mainly caused by contact, there were also many injuries due to stepping maneuvers; hence, the adoption of preventive measures according to player position characteristics is necessary. In addition, a history of injury is a significant intrinsic risk factor, and injury prevention for collegiate players is necessary to reduce the incidence of injury.
